Background Professional musicians report a high prevalence of performance-related musculoskeletal disorders (PRMDs). Excessive muscle tension and fatigue have been reported as important factors contributing to PRMDs.
Introduction
Professional orchestral musicians have high rates of musculoskeletal injuries, particularly affecting the cervical and lumbar spines, and upper extremities [1] [2] [3] . To acquire expert proficiency on a musical instrument requires long hours of daily practice over many years [4] . During rehearsals and performances, highly repetitive movements in asymmetrical postures are typical, increasing the risk of developing muscular imbalances and overuse. Muscular overuse may lead to compensatory movement patterns or misuse that may cause microtrauma to muscles and tendons involved in playing, leading to earlier fatigue, increased muscle tension, ultimately resulting in pain or injury [3, 5] .
Previous research has indicated that musicians may be reticent to seek medical advice for their injuries despite the high prevalence of performance-related musculoskeletal disorders (PRMDs). This is reported to be due to a perceived risk of employment termination and fears that peers and orchestra management will judge their playing skills negatively as a consequence [6, 7] . This concealment of injuries may partly explain why a high proportion of musicians do not fully recover from Downloaded from https://academic.oup.com/occmed/article-abstract/64/1/23/1413365 by guest on 16 February 2019 past PRMDs, leading to poor functional outcomes and chronic pain [3] .
Exercise is a recommended strategy in the management of work-related musculoskeletal disorders [8] . Studies on tertiary music students have shown that aerobic and low-load resistive exercises and trunk stability exercise programmes reduce PRMDs [9, 10] . In light of the identified commonly reported muscular imbalances in this population, a specific programme was designed for professional orchestral musicians and is reported elsewhere [11] .
A challenge with encouraging physical activity participation for musicians is the continued variability in their work schedule, making commitment to set classes almost impossible. The potential role of delivering programmes through the use of digital media is an appealing solution to this problem [12] . The use of digital video discs (DVDs) allows interventions, such as comprehensive educational and exercise therapy rehabilitation programmes, to be delivered at home [13] . This approach is common in sports and rehabilitation medicine [14, 15] . A flexible delivery method may be useful for musicians who find it difficult to commit to set class times, and allow musicians to take part privately in an exercise programme, avoiding the self-consciousness issues of participating in a group format among their peers.
The aims of this study were 3-fold:
1. to determine the safety, uptake and compliance of a purpose-designed exercise DVD programme in a sample of professional orchestral musicians; 2. to evaluate the effect of the exercise DVD programme on PRMDs, perceived exertion during different playing situations, and factors that influence elite instrumental performance in a sample of professional orchestral musicians; and 3. to evaluate the DVD delivery format compared with an equivalent face-to-face exercise programme.
Methods
Musicians employed by the eight premier symphony orchestras of Australia were invited to participate. Musicians were recruited through (i) email notification, (ii) flyers displayed on orchestral noticeboards and (iii) a brief presentation of the intervention trial separately to each orchestra. The musicians who participated in a purpose-designed exercise DVD programme over a 12 week period were included. They were instructed to undertake at least two 40 min sessions of exercise per week at any time of their choosing. Participants who did not fulfil this exercise requirement were excluded from further analysis. All participating orchestras provide worker's compensation insurance for injured workers. Musicians with an injury currently being managed under worker's compensation insurance were excluded as the programme may have conflicted with the special health care advice of their medical practitioner. The DVD was designed to be added to the musicians' usual health care routine, and musicians were encouraged to continue with any existing exercise regimes or health provision services. No participants reported new or existing injuries that may have precluded them from full orchestral duties before the commencement of the trial. All participants were provided with resistance bands and an exercise DVD in English. The latter included an exercise warning and precautions section, 10 min of warm-ups, five exercise series, each with six levels, targeting one area of the body (neck, shoulder, abdominal, lumbo-pelvic and hip), and 25 min of gentle stretching and cool-downs [11] . Participants were given an information sheet and sent an email containing the study protocol. At the beginning of each exercise series in the DVD, a verbal introduction and explanation was included to identify the muscles targeted by that exercise series and their relevance to instrumental playing. Two models demonstrated a full set of each of the exercises in every series. All exercises had verbal instructions and prompts, exercise dosage guides and, where necessary, animated visual cues were added to highlight the direction and location of movements as illustrated in Figure 1 . Participants were instructed to progress to the next level within an exercise series once the set level was completed without fatigue and when they did not experience any delayed-onset muscle soreness from the previous session. Alternatives and variations were provided with each exercise to avoid potentially exacerbating common injuries and areas of overload in musicians [11] . All participants were advised to contact one of the authors if any concerns or injury resulted from participating in the DVD programme, and for further advice or modifications on any exercise.
The pre-intervention questionnaire was administered at the respective orchestral premises. The post-intervention questionnaire was administered via email. If there was no response from this initial contact, another email was sent 2 weeks later, which was then followed by two telephone reminders spaced 1 week apart before the participant was considered 'unable to contact'. Information on participant demographics, instrument played, current level of physical activity as well as a range of primary and secondary outcome measures were collected.
The primary outcome measures included the programme uptake, their compliance with recommended usage of the DVD, any changes in PRMD frequency or severity, levels of perceived exertion reported during different playing conditions and rating of satisfaction with the programme. Initial programme uptake was measured as the number of musician volunteers as a percentage of the total number of musicians in the eight orchestras. Intervention compliance was measured by the number of participants who completed the recommended dosage of classes over the 12 week period. A definition of PRMDs was modified from Zaza et al. [16] to 'any pain, weakness, numbness, tingling or other physical symptoms that interfere with your ability to play your instrument at the level to which you are accustomed during the last week', excluding everyday mild, transient aches or pains. Participants used an 11-point visual analogue scale to score PRMD frequency (never = 0 to constantly = 10) and severity (nil = 0 to worst imaginable = 10) [17] . A 15-point rating of perceived exertion (RPE) scale was used to rank the amount of effort used during private practice, rehearsals and performance situations [18] . A five-point Likert item (very poor, poor, sound, good, excellent) was used to rate overall experience of using the exercise DVD. In an additional questionnaire, participants who had also undertaken a 10 week face-to-face series of the same exercises were asked to compare these two interventions [11] . These participants performed the face-to-face classes between 6 and 12 months before the DVD exercise trial and used the five-point Likert items (much worse, worse, same, better or much better) to compare the following elements: exercise instructions; demonstrations; precautions and warnings; ability to provide alternatives and variations of exercises; motivation; convenience and an overall impression. Secondary outcome measures included (i) the effect of the intervention on performance factors using a five-point ordinal scale (negative effect = −1, no effect = 0, some effect = 1, moderate effect = 2, large effect = 3) and (ii) rating reasons that influenced participation using a fourpoint ordinal scale (not important = 0, somewhat important = 1, moderately important = 2, highly important = 3).
Data were entered and analysed using IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY). A two-tailed paired sample t-test was used to analyse PRMD and perceived exertion outcomes. Descriptive statistical analysis was undertaken for all other measures. The trials were conducted between February to September 2012 and follow-up concluded in November 2012. The commencement of the trials was timed closely to the start of an orchestral season and concluded at approximately the end of two consecutive seasons. All participants were informed of the purpose and procedures of the study and written informed consent was obtained before data collection. This study was approved by University of Sydney Human Research Ethics Committee (HREC12523).
Results
A total of 144 musicians out of a possible 576 participated in this trial. This represented 25% of all musicians in the eight orchestras. Seventy-one participants replied to the post-intervention questionnaire. The final sample was of 50 respondents (9%, 28 females and 22 males) who completed a mean of 2.1 (SD 0.44) DVD exercise sessions per week, ranging from two to four sessions. Figure 2 provides a flowchart of participation and the main reasons for attrition. Four post-intervention questionnaires from one orchestra were not collected due to administrative error. The compliance rate at the recommended exercise level from the original 144 volunteers was 41% (excluding the participants who withdrew due to major illness/injury and unexpected family circumstances). The mean age of the participants was 45 years (SD 9.3). Ten instrumental groups were represented-viola (11), violin (10), cello (7), flute (5), clarinet (4), bassoon (4), oboe (3), trombone (3), horn (2) and trumpet (1). The majority (70%) of these musicians performed regular physical activity (according to international guidelines [19] ) prior to the trial.
A statistically significant effect was seen on PRMD frequency and severity scores post-intervention (P < 0.01), both reducing by more than one point on the visual analogue scale (Table 1) . No significant changes were seen in the RPE scores during all three playing situations (Table 1 ). The 18 musicians who had undertaken both the face-toface and DVD-based exercise classes all rated the DVD as the same or better in: exercise instructions; demonstrations; precautions and warnings; and providing variations to exercises ( Table 2) . As an overall rating, 10 musicians (55%) felt the DVD was better than the face-to-face classes, 7 (39%) felt it was the same and one (6%) felt it was worse.
The strongest effect reported in the secondary outcome measures was strengthening muscles that supported playing (moderate effect), while the least effect was the musician's ability to cope with stress while playing outside work and non-work situations (no to some effect) ( Table 3) . Participants reported that the intervention had a moderately positive overall effect on their private practice, rehearsal and performance playing. No negative effect ratings for any of the performancerelated factors were reported. In the overall rating of the DVD, 22% selected sound (interpreted in this context as meaning 'satisfactory'), 54% good and 24% rated the DVD as excellent.
The top three identified reasons for volunteering in this trial were to learn a specific exercise programme to support playing, reduce the risk of PRMDs and improve flexibility (Table 4) . A participant with a non-playing related chronic hip condition reported that their hip was mildly exacerbated by one of the exercises in the hip series. This participant was advised to cease that exercise and to see their physiotherapist. No other injuries were reported as a result of the DVD.
Discussion
A purpose-designed exercise DVD programme appeared to be successful in terms of its uptake, compliance and safety for Australian professional orchestral musicians despite being unsupervised. Apart from significant reductions in PRMDs frequency and severity, the use of the exercise DVD was associated with positive perceived effects on muscle strengthening, flexibility, posture and ease of movement, which are reported to decrease the risks associated with PRMDs [3, 20, 21] . Compared with an equivalent face-to-face programme, most musicians rated the DVD as the same or better in all measured categories. The strengths of this study were the intervention delivery, questionnaire design and the use of a special exercise programme. Using a flexible delivery approach enabled all eight premier symphony orchestras across Australia to participate. This increased not only the accessibility but also the number of volunteers representing all instrumental groups to measure programme efficacy [3] . This is the first intervention trial that has measured the effect of an exercise DVD on PRMDs and a range of performance factors that are reported to increase injury risk [3, 20] . The evidence-based exercise programme on the DVD had first been successfully tested in face-to-face sessions with professional orchestral musicians. This facilitated development of the instructions, the exercises and progressions in this DVD to best target PRMDs in this population. The lack of a comparative control group raises the question as to whether the participants' PRMD levels would have decreased over time, regardless of the intervention (as might occur due to the so-called Hawthorne effect). However, the DVD was implemented over two main playing seasons without an orchestral break, where typically PRMDs would be expected to rise [20, 21] . The final sample of musicians included in the analysis represented 9% of Australian professional orchestral musicians, and this may have influenced results. If there was resulting bias, it is likely to have exaggerated the perceived benefit of the DVD, because it is likely that the musicians who volunteered and who persevered with the programme long enough to be included in the final analysis were more motivated to use such a programme than those who were not included. The extent of any such bias and the generalizability of findings to most orchestral musicians are difficult to assess. Finally, there were a number of musicians (n = 27) who initially volunteered but were 'uncontactable'. It is unknown in what way their results may have impacted this study's findings.
The compliance rate found in this study was above other home-based unsupervised exercise programmes with a DVD delivery (18-23%) [15, 22] and non-multimedia delivery (18-29%) [23] . Several factors in the production of a video-tailored physical activity intervention have been suggested to strongly affect feasibility and were incorporated into this DVD [12] . These included: (i) use of professional film and production crew, (ii) inclusion of motivational tailored messages to provide encouragement and clear purpose of each exercise and (iii) provision of exercise progressions and alternations to allow customization of exercise programme. A large majority of the participants already exercised at or above the American College of Sports Medicine recommended levels [19] . This may reflect higher levels of personal motivation to participate in these exercise classes than in other trials where a wider range of baseline fitness may exist.
The exercise DVD was highly regarded by the musicians who participated in the trial. Over half who participated in an equivalent face-to-face programme indicated that the exercise DVD was better overall despite minimal differences in content between the two interventions. This suggests the use of such a multimedia tool is an effective approach that can clearly communicate exercises, even when some exercises are unusual or complex due to task-specific strength demands.
The study results suggest the programme may reduce reports of PRMD in musicians. Plausible mechanisms for this include an effect to reduce muscular imbalances by focussing on strengthening supporting muscles, leading to a positive impact on muscle tension and fatigue, which are known risks of PRMDs [3, 20] . The DVD incorporated exercises commonly used for injury rehabilitation [11] , which may have facilitated recovery of any existing musculoskeletal injuries reported by a large proportion of Australian professional orchestral musicians [3] . The potential for selection bias resulting from the volunteer subjects and loss of subjects mean these findings should be seen as preliminary. Nevertheless, they remain an advance on the level of information for most interventions used in the musician population and which have not been evaluated.
Perceived exertion during all playing situations did not show significant change after the intervention. The intent of the DVD exercises was to target muscle imbalances and maladaptive movement patterns and not to impact upon factors such as heart rate, oxygen uptake, blood lactate and ventilation. Since RPE measures are more sensitive to physiological factors associated with physical activity [24] , this may in part account for the lack of change in this measure. It is also possible that these musicians may have played for longer durations or at higher intensities in response to exercise-induced changes in muscle control, strength and efficiency but remained at the same level of perceived exertion.
While it is well known that regular physical activity, in particular aerobic exercise, reduces one's sensitivity to stress and improves mood [25] [26] [27] the strengthening and motor control exercise intervention in our study had minimal effect on stress. The baseline level of stress experienced by musicians in this study was not evaluated; so it is unknown whether the lack of effect is related to participants having lower stress levels in the first place, as people who have lower stress levels are more likely to engage in exercise programmes [25] .
The musicians in this study appeared to recognize the importance of strengthening muscles that support playing and the need to reduce the risk of developing PRMDs. Health education has been part of the overall occupational health intervention for this group of musicians and may have improved awareness of the importance of exercise for the longevity of their careers. Reports from other health promotion programmes have indicated that workplace cultures and components such as management style and supervisor support are strongly associated with work-related musculoskeletal disorder outcomes and attitudes toward physical health and activity [28] [29] [30] . However, extrinsic motivators such as encouragement from work management, colleagues and family had minimal influence on the musicians' reason for participation in this trial. Several of the orchestras had low management staffing during the implementation of this trial reducing their ability to promote and encourage participation, which may explain this small impact.
In conclusion, this study provides evidence for the use of an exercise DVD programme to effectively manage PRMDs and associated performance-related factors in professional orchestral musicians. This format appeared to appeal to musicians who were already motivated and confident with exercise. Future research should investigate ways of increasing the adherence and appeal of such exercise and educational tools; perhaps including an induction session or once per week face-to-face classes to help explain core concepts and provide support to less physically active or motivated musicians. Researchers should look at enhancing extrinsic motivators, such as management involvement and encouragement, which may further improve uptake and compliance.
Key points
• A specifically designed exercise programme delivered via a digital medium (digital video disc) was effective in managing performance-related musculoskeletal disorder levels and associated risk factors for professional orchestral musicians.
• Unsupervised home-based exercise programmes can produce health benefits similar to face-to-face interventions for professional orchestral musicians who are already physically active and confident with exercise.
• Clinicians and researchers should consider the use of multimedia in their health care management strategies of professional orchestral musicians since this population have known barriers to seeking regular health care advice and interventions.
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Lest we forget
Its six thirty in the morning but the city is already awake and on its way to work. I bump and rattle over the cobbled streets that lead through the old docks before entering the industrial flatland that stretches from Antwerp to Rotterdam. Cars race past me on their way to work as we drive through a never-ending vista of docked ships and cranes, grain silos and train marshalling yards, oil refineries and chemical plants.
Out of the pre-dawn darkness my particular refinery emerges, radiant and resplendent like an uninhabited mini-Manhattan. Others can be seen in the distance, adorned with white lights, red lights up their stacks and crowned by defiant gas flares high in the night sky. It's a sight that still excites, even after a quarter century of industrial practice and its good being part of it. I'm here to do 80 asbestos medicals on some of the four and a half thousand contractors drafted in for the refinery's shutdown. Some of the medicals are conducted in English, others in French but the majority through an interpreter. The contractors I see are mainly eastern European, something increasingly familiar in the last 10 years, whether it is chicken factory workers in East Anglia or pottery workers in the West Midlands. The manager tells me that the Czechs and Slovaks are more reliable than the UK workers who often disappear before the contract ends. He laments all the older workers who have contracted lymphoma and malignancies which he attributes to oil and chemical exposures.
At least the environmental and engineering controls are better now he says. Before each round of medicals I hear the toolbox safety talk in English and Czech. In the afternoon I go to the Magritte museum in Brussels. Walking through the city it strikes me how we are actually governed from this place. A strange concept for the UK, only a couple of hours drive away but somehow still on the margin of Europe. The politicians of Brussels are probably the reason why I am carrying out these medicals but also why health and safety controls and practices have improved. It is easy to overlook the good that comes from Belgium; it is less easy to ignore the bad that has happened in Belgium. Half an hour down the road, 300 000 European men fought each other at Waterloo and another hour to the west a hundred years later, the same number of British and Commonwealth men died defending the Ypres Salient. In Ieper, the massive Menin Gate is inscribed with 55 000 names of the 90 000 soldiers who were never found or identified. There was not enough space and the other 35 000 names are inscribed at Tyne Cot 10 km away. Named after the first aid post that still remains and surrounded by row after row after row of white grave stones, Tyne Cot is the largest war cemetery in the world. Wandering amongst the headstones it is hard to find any inscribed with names. 'Lest we forget. ' John Hobson e-mail: hon.editor@som.org.uk
